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Summary

Antibodies effective against the recent Omicron sublineages are missing. By taking advantage of a
multi-centric prospective cohort, Bruel et al show that administration of 500 mg of sotrovimab (Xevudy)
induces serum neutralization and antibody-dependent cellular cytotoxicity against BQ.1.1 and XBB.1.5
in treated individuals, suggesting that it remains a therapeutic option.

Main text

Antiviral agents including monoclonal antibodies (mAbs) and small molecules remain of outmost
importance to protect the most vulnerable against severe COVID-19. Neutralizing mAbs reduce the risk
of COVID-19-related hospitalization and death in high-risk patients. However, the emergence of viral
variants led to a reduction of their efficacy. This climaxed with the Omicron subvariants BQ.1.1 and
XBB.1.5, which fully or partially resist neutralization by all therapeutic mAbs!. Therefore, as of June
2023, mAbs are no longer recommended as treatment of COVID-19. Small molecules such as
nirmaltrevir, an inhibitor of the viral 3C-like protease (associated with ritonavir in Paxlovid), or remdesivir
and molnupinavir, two nucleoside analogs, also reduce to various extents, the progression to severe
COVID-19. Their efficacy is conserved across SARS-CoV-2 variants?, but their route of administration
or drug-drug interactions limit their use. Therefore, there is an unmet need for direct-acting antiviral
agents against the most recent Omicron sublineages.

The evaluation of mAbs mostly relies on in vitro neutralization tests. These assays are heterogenous,
based on different target cells and the use of viral pseudotypes or authentic isolates2. Furthermore, in
vitro evaluation does not consider variations in antibody doses and pharmacokinetics, as well as the
interaction of mAbs with the immune system. Antibodies may activate effector mechanisms with their
fragment crystallizable (Fc). An evaluation of both neutralizing and non-neutralizing activities of mAbs
in patient samples is needed to accurately determine their efficacy against SARS-CoV-2 variants.
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Here, we longitudinally evaluated neutralization and antibody-dependent cellular cytotoxicity (ADCC)
in serum samples of immunocompromised patients receiving sotrovimab (Xevudy), combinations of
casirivimab/imdevimab (Ronapreve) and cilgavimab/tixagevimab (Evusheld), or, as a control,
nirmatrelvir/ritonavir (Paxlovid). We used authentic viral isolates to determine neutralization titers and a
reporter assay to measure ADCC.

Among the 756 patients with mild-to-moderate COVID-19 recruited in the ANRS 0003S CoCoPrev
cohort study, we included all immunocompromised individuals with less than 280 BAU/mL of anti-S
antibodies at inclusion having a complete longitudinal follow-up (i.e., serum sample available at day 0,
day 7, month 1 and month 3; n=80). Among them, 67 were treated with mAbs (sotrovimab, n=29;
imdevimab/casirivimab/, n=34; cilgavimab/tixagevimab, n=4), and 13 received nirmaltrelvir/ritonavir. All
patients received at least 1 dose of vaccine. Age, body mass index and COVID-19 severity were similar
across all groups. A complete description of patients’ characteristics is available in the Supplementary
Figure 1A.

First, we measured the levels of anti-S IgGs in sera prior to (day 0) and after treatment initiation, at
day 7, month 1 and month 3 (Supplementary Figure 1B). We used our standardized S-Flow assay to
determine BAU/mL (see supplemental methods). Overall, patients treated with nirmaltrelvir/ritonavir
do not display a notable increase in anti-spike antibody levels during the follow up (medians of 34 [3-
50.5], 36 [4.5-107], 40 [5.5 — 1709] and 45 [15 — 1563], at day 0, day 7, month 1 and month 3,
respectively). Four out of the 13 patients end the follow-up with BAU/mL above 280 (Supplementary
Figure 1B). Administration of mAbs leads to a sharp increase of BAU/mL between day 0 and day 7 in
all patients (4 [1-31.5] vs. 884 [546-1,309], p<0.0001; 13 [2-34] vs. 1,746 [977-3,522], p<0.0001; 14.5
[2.5-131.5] wvs. 3,003 [2,582-4,982], ns; for sotrovimab, imdevimab/casirivimab and
cilgavimab/tixagevimab, respectively). Peak values are reached at day 7 for sotrovimab-treated
individuals and M1 for those treated with imdevimab/casirivimab and cilgavimab/tixagevimab
(Supplementary Figure 1B). At the peak, antibody levels are lower in the sotrovimab groups as
compared to imdevimab/casirivimab and cilgavimab/tixagevimab groups (884 [546-1,309] vs. 3037
[664-5,611], p<0.0001; 884 [546-1,309] vs. 3,880 [3,788-26,273] p=0.012; respectively). These results
show that the anamnestic response to S is, as expected, impaired in our study population, but that mAb
administration rescues anti-S antibody levels in the serum.

Next, we measured the neutralizing activity of sera with authentic isolates of D614G, BQ.1.1 and
XBB.1.5 (see supplemental methods). Administration of mAbs elicits serum neutralization of D614G,
which remains detectable during the entire follow-up (Supplementary Figure 1C and D). Median titers
at day 7 are lower in individuals treated with sotrovimab as compared to those treated with
imdevimab/casirivimab or cilgavimab/tixagevimab (1,115 [799-1,674] vs. 100,000[100,000-100,000],
p<0.0001; 1,115 [799-1,674] vs. 90,644 [79,516-100,000], ns; respectively). This difference remains
through the follow-up. Nirmaltrelvir/ritonavir therapy leads to a non-significant increase in neutralizing
titers against all tested isolates. BQ.1.1 and XBB.1.5 omicron sub-variants dramatically reduce the
neutralization  provided by mAbs administration. Neither imdevimab/casirivimab  nor
cilgavimab/tixagevimab administration elicit serum neutralization of BQ.1.1 or XBB.1.5. Low levels of
neutralization of BQ1.1 and XBB.1.5 are detectable in most sotrovimab-treated individuals, and reach
significance as compared to day 0 at month 1 for BQ.1.1 (p=0.008) and at all time points for XBB.1.5
(p=0.0006, p<0.0001, p=0.0003). At day 7, BQ.1.1 and XBB.1.5 neutralizing titers are reduced by 71-
and 58-fold as compared to D614G (15.6 [5-24.94] and 18.9 [13.6-56.12] vs. 1,115 [799-1,674],
respectively). These results are in line with in vitro evaluation of mAbs, where only sotrovimab remains
active against these variants (Supplementary Figure 1E and 1). These results show that mAb infusion
elicits a robust neutralization of SARS-CoV-2 in the serum of treated individuals, which is evaded by
BQ.1.1 and XBB.1.5 but remains detectable in individuals treated with sotrovimab.

Finally, we tested the ADCC activity of the sera (Supplementary Figure 1C and D). We used a
reporter assay based on spike-expressing 293T cells and jurkat cells expressing CD16 and NFAT-
luciferase (see supplemental methods). Consistent with the in vitro evaluation of ADCC
(Supplementary Figure 1E), only sotrovimab and imdevimab/casirivimab elicit significant and
substantial levels of ADCC against the D614G spike. When measuring ADCC against BQ1.1 and
XBB.1.5, only sotrovimab-treated individuals remain active. Of note, fold changes are limited as
compared to D614G and only significantly decreased for BQ1.1 (at day 7: 3 [2.1-3.5] vs. 4.3 [3.2-4.8],



1.4-fold, p=0.0075 and 4.3 [3.1-4.6] vs. 4.3 [3.2-4.8], 1-fold, ns, respectively), again in line with the in
vitro evaluation (Supplementary Figure 1E). Nirmaltrelvir/ritonavir-treated individuals exhibit a low and
sporadically significant increase in ADCC activity. These data show that sotrovimab elicits the strongest
level of ADCC activity in serum, as compared to other mAbs. This ADCC activity is only slightly evaded
by BQ.1.1 and preserved against XBB.1.5.

Our results show that sotrovimab infusion elicits an antiviral immunity against BQ.1.1 and XBB.1.5
in the sera of treated patients. This finding explains why several studies suggested a preserved efficacy
of sotrovimab in real-life settings despite its limited neutralization34. This is consistent with the
demonstration that low levels of neutralization are protective upon infusion of a polyfunctional mAbss. It
is also in line with the capacity of sotrovimab to limit viral replication in preclinical models of BQ.1.1
infectioné. Sotrovimab relies on both neutralization and Fc-effector functions to limit SARS-CoV-2
replication in preclinical models?. Further work is needed to determine the relative contribution of
neutralizing and non-neutralizing activities to the clinical efficacy of sotrovimab.

In vitro, spiking of sotrovimab in sera of patients with blood cancer increases neutralization in a dose-
dependent manner8. Thus, increasing sotrovimab dose will likely enhance its in vivo antiviral activities,
a hypothesis that is being tested at 1000 mg in the RECOVERY clinical trial (NCT04381936).
Combination therapy with sotrovimab and antivirals also deserves investigation.

Our study has limitations. Our sample size is small, and, because of ethical reasons, we do not have
a control group of untreated patients. We thus included patients treated with nirmaltrelvir/ritonavir as
control. Their investigation confirms that our inclusion criteria selected for patients with impaired
endogenous immune response. There is heterogeneity in infecting variants across groups, which are
due to both changes in variant dominance and modifications in treatment recommendations during the
study period. Also, as most patients included in the study do not produce antibodies, we cannot measure
anti-N IgGs to determine prior SARS-CoV-2 exposures. All of these are, however, unlikely to bias our
conclusion, albeit we can't rule out that it influences the results at the individuals’ level. We did not
directly quantify the monoclonal antibodies in the sera and restricted our analysis to BAU/mL. However,
the measured BAU/mL mostly quantified the injected antibody. Our neutralization assay may be
criticized because of the use of ACE2-overexpressing cells. Yet, ACE2 overexpression underestimates
sotrovimab efficacy2. Using systems with endogenous ACE2 expression, would lead to higher
neutralization titers, further confirming our conclusion. Our ADCC assay is a surrogate assay measuring
CD16 activation rather than cell death by NK cells. However, we have previously demonstrated that it
correlates with an ADCC cell killing assay®. Finally, we did not test the most recent omicron subvariant
XBB.1.9 and XBB.1.16.1. However, their sequences suggest a similar efficacy of sotrovimab as
compared to XBB.1.5, as already confirmed for XBB.1.16 in in vitro neutralization assays?°.

In conclusion, our data supports the use of sotrovimab to treat the most recent Omicron lineages and
suggest that increasing the dose may provide a clinical benefit.
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Total Casirivimab/ i Nir i Tixagévil / Cilg:
N=80 (1200 and 600 mg) N=34 N=29 N=13 N=4 p-value
SARS-CoV-2 variant (n, %) <0.001
Delta 33 (42%) 33 (100%) 0 0 0
Omicron 45 (58%) 0 29 (100%) 12 (92%) 4 (100%)
Omicron BA.1 27 (33%) 0 26 (90%) 1 (8%) 0 <0.001
Omicron BA.2 14 (17%) 0 3 (10%) 11 (84%) 0
Omicron BA.5 4 (5%) 0 0 0 4 (100%)
Missing 2 1 0 1 0
Age (years, median, Q1-Q3) 59 (45-70) 54 (45-64) 64.5 (42.5-70.5) 65 (55-73) 47.5 (32 - 62.5) 0.16
=80 years old 6 (8%) 3 (9%) 2 (7%) 1(8%) 0 1.0
Missing 1 0 1 0 0
BMI ian, Q1-Q3) 25 (23-28) 26 (21.5-30.5) 24 (23-28) 25 (22-27.5) 25 (22 - 31) 0.96
Missing 9 6 2 1 0
Male sex (n, %) 37 (46%) 16 (47%) 14 (48%) 7 (54%) 0 0.003
i (n, %) 80 (100%) 34 (100%) 29 (100%) 13 (100%) 4 (100%) -
Ongoing chemotherapy 26 (33%) 8 (24%) 9 (31%) 9 (69%) 0 0.01
Solid organ transplantation 23 (29%) 9 (26%) 12 (41%) 1(8%) 1(25 %) 0.14
Hematopoietic stem cell transplant 3 (4%) 0 2 (7%) 1(8%) 0 0.31
Corticosteroids 9 (11%) 7 (21%) 2 (7%) 0 0 0.19
Systemic lupus or vasculitis with immunosupp_regsive 3 (4%) 1 (3%) 2(7%) o 0 0.80
medications
Immunosuppressive therapy including rituximab 38 (48%) 18 (53%) 15 (52%) 2 (15%) 3 (75 %) 0.05
Cancer 7 (9%) 0 5 (17%) 2 (15%) 0 0.04
Other i ive comorbidities (n, %) 27 (34%) 13 (38%) 10 (34%) 2 (15%) 2 (50 %) 0.41
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Supplementary Figure 1: Anti-S IgG levels, neutralization, and antibody-dependent cellular cytotoxicity in sera of
COVID-19 patients receiving antiviral therapies.

(A) Clinical characteristics of the patients included in the study. Quantitative and categorical variables were compared with
Kruskal-Wallis and Fisher's exact tests, respectively.
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Supplementary Figure 1 (continued): Anti-S IgG levels, neutralization, and antibody-dependent cellular cytotoxicity in
sera of COVID-19 patients receiving antiviral therapies.

(B) Anti-S IgGs were measured using the flow cytometry-based S-Flow assay in sera of individuals before and after treatment
initiation. sotrovimab, n=29; imdevimab/casirivimab, n=34; tixagevimab/cilgavimab, n=4; nirmatrelvir/ritonavir, n=13. Indicated
are the binding antibody units (BAUs) per mL (BAU/mL) of anti-S IgGs. Stars indicate statistical significance according to a two-
sided Friedman test with a Dunn’s multiple comparison correction. Each dot is an individual. Red lines indicate medians.
Dashed lines indicate 280 BAU/mL.

(C) Serum neutralization (upper panels) and ADCC activity (lower panels) of D614G and Omicron BQ.1.1 and XBB.1.5 in sera
of individuals before and after treatment initiation. sotrovimab, n=29; imdevimab/casirivimab, n=34; tixagevimab/cilgavimab,
n=4; nirmatrelvir/ritonavir, n=13. Indicated are either effective dilution 50% (ED50; titers) as calculated with the S-Fuse assay (A)
or fold-induction of the CD16 pathway in the ADCC reporter assay (B). Stars indicate statistical significance according to a two-
sided Friedman test with a Dunn’s multiple comparison correction. Colored lines indicate medians and error bars inter-quartile
range. Dashed lines indicate the limits of detection.
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Supplementary Figure 1 (continued): Anti-S IgG levels, neutralization, and antibody-dependent cellular cytotoxicity in
sera of COVID-19 patients receiving antiviral therapies.

(D) Individual data points of panel C. Serum neutralization (upper panels) and ADCC activity (lower panels). The percentage of

patien

ts above the limit of detection is indicated.

(E) Dose-response analysis of the neutralization by the indicated antibodies (upper panels). Data are mean + SD of 3
independent experiments. The dashed lines indicate no inhibition (0%) and full inhibition (100%). Dose—-response analysis of the
ADCC activity by the indicated antibodies (lower panels). The y-axis indicates the fold-increase in CD16 induction, calculated
using the condition without target cells and with target cells transfected with a empty plasmid. Data are mean + s.d. of 2-5
independent experiments.



